The first description of pasteurellosis affecting sole, Solea senegalensis (Kaup), cultured in the South-west of Spain is reported. Diseased fish showed no apparent lesions except for a dark skin pigmentation and swelling in the abdominal cavity. Internally, affected specimens showed paleness of liver and kidney and typical white tubercles of 1±2 mm in diameter in the spleen. Microbiological analysis of these fish revealed the presence, in pure culture from all the organs examined, of one type of bacterial colony which was biochemically and serologically characterized as Photobacterium damsela ssp. piscicida. The sensitivity pattern to antimicrobials and the enzymatic activities of the bacterial extracellular products are described.
Introduction
Photobacterium damsela ssp. piscicida (formerly Pasteurella piscicida) is the causative agent of pasteurellosis (syn. pseudotuberculosis), a disease which provokes massive mortalities in cultures of several marine fish species; for example, gilt-head seabream, Sparus aurata (Toranzo, Barreiro, Casal, Figueras, Magarin Äos & Barja 1991) , sea bass, Dicentrarchus labrax (Balebona, Morin Äigo, Sedano, Martinez-Manzanares, Vidaurreta, Borrego & Toranzo 1992) , striped jack, Pseudocaranx dentex (Nakai, Fujiie, Muroga, Arimoto, Mizuta & Matsuoka 1992) , and Japanese flounder, Paralichthys olivaceous (Fukuda, Matsuoka, Mizuno & Narita 1996) .
External pathological signs of pasteurellosis are usually inconspicuous, surface lesions generally being absent in affected fish, except for a dark colouration and a decrease in natatory activity. Internally, infected fish show haemorrhagic septicaemia, and the development of whitish areas or granulomas in the spleen, kidney and liver (Kubota, Kimura & Egusa 1970; Noya, Magarin Äos, Toranzo & Lamas 1995) . The importance of the extracellular products (ECPs) of P. damsela ssp. piscicida as virulence factors is well documented (Balebona et al. 1992; Noya et al. 1995) , and ECPs display high haemolytic and phospholipase activities (Magarin Äos, Romalde, Bandin, Fouz & Toranzo 1992) . However, the contribution of the ECPs and other virulence factors to the pathology of pasteurellosis has not been completely established (Magarin Äos, Romalde, Lemos, Barja & Toranzo 1994; Magarin Äos, Bonet, Romalde, Martinez, Congregado & Toranzo 1996a; Magarin Äos, Romalde, Noya, Barja & Toranzo 1996b; Yoshida, Inglis, Misawa, Kruger & Satai 1997) .
The present paper reports the first description of pasteurellosis in sole, Solea senegalensis (Kaup), cultured in a marine farm located in southwestern Spain. The isolation and identification of the causative organism, attempted treatments, and the ECP activity of the isolate in comparison with other strains are also presented.
Materials and methods

Bacterial isolation and characterization
Samples collected for bacterial isolation from the spleen, liver and kidney of moribund sole were cultured on marine agar (MA) (Difco, Detroit, MI), tryptone soya agar (Oxoid, Basingstoke, UK) supplemented with 2% NaCl (TSAS) and thiosulphate citrate bile sucrose (TCBS) agar (Difco). Cultures were incubated at 22°C for 48±72 h. Smears from different organs were examined using a light microscope after Gram staining.
Bacterial characterization of pure cultures of the isolated colonies was performed applying the standard morphological, physiological and biochemical tests described by West & Colwell (1984) , Toranzo et al. (1991) and Bakopoulos, Adams & Richards (1995) . Caseinase and gelatinase activities were determined by a radial diffusion method with basal nutrient agar (4 g L ±1 peptone, 1 g L ±1 yeast extract and 15 g L ±1 of agar), containing 1% sodium caseinate (Difco) and 1.5% gelatin (Difco), respectively. Elastase activity was assayed on elastin medium composed of 1 g L ±1 elastin (Sigma Chemical Co.,
±1 agar (Difco) and 0.02 m TrisHCl (pH 8.0). The production of phospholipase, lipase and amylase was determined on plates of basal nutrient agar containing 1% (v/v) egg yolk emulsion (Oxoid), 1% Tween-80 (Difco) and 0.4% starch (Difco), respectively. Haemolytic activity was evaluated by the standard diffusion method with TSAS supplemented with 5% sheep erythrocytes. All the results were recorded over a 7-day incubation period at 22°C.
The commercial miniaturized API 20-E system (BioMerieux Iberica, Madrid, Spain) was used in parallel with the conventional biochemical tests. For comparative purposes, three strains of P. damsela ssp. piscicida isolated from white perch (strain ATCC 17911) by Snieszko, Bullock, Hollis & Boone (1964) , from gilt-head seabream (strain DI-21) by Toranzo et al. (1991) and from sea bass (strain B52) by Balebona et al. (1992) were also included.
The confirmatory diagnosis of P. damsela ssp. piscicida was conducted by slide agglutination tests (Toranzo, Baya, Roberson, Barja, Grimes & Hetrick 1987 ) using rabbit antisera (prepared in the present authors' laboratory) raised against the three reference strains. The drug sensitivities of the strains were determined by the disc diffusion method (Barry & Thornsberry 1991) on Mueller Hinton agar (BioMerieux) supplemented with 2% NaCl. The following chemotherapeutic agents (mg disc ±1 ) were tested: ampicillin (10), streptomycin (10), oxytetracycline (30), tetracycline (30), erythromycin (15), trimethoprim-sulfamethoxazole (23.75 + 1.25), chloramphenicol (30), kanamycin (30), oxolinic acid (2), nitrofurantoin (300), novobiocin (5) and the vibriostatic compound 0/ 129 (150). All antimicrobial disks were supplied by BioMerieux.
Enzymatic activities of bacterial extracellular products
Extracellular products (ECPs) of the bacterial isolates were prepared by the cellophane overlay method, as described by Liu (1957) . Briefly, tubes containing 5 mL of tryptone soya broth (Oxoid) supplemented with 2% NaCl (TSBS) were inoculated with one swab of a 24-h bacterial growth on TSAS and incubated for 18 h at 22°C. A 0.2-mL volume of the culture was spread on a cellophane overlayed TSAS plate and incubated at 22°C for 48 h. Bacterial cells were harvested in 0.85% saline solution (pH 7.0) and the cell suspensions were centrifuged at 13 000 g (20 min at 4°C). The supernatants were filtered through 0.45-mm pore size membrane filters and used as ECPs.
Total protein was measured in ECP samples following the method described by Bradford (1976) using bovine serum albumin as standard (Sigma). Carbohydrate content in ECPs was determined using the phenol-sulphuric technique (Dubois, Gilles, Hamilton, Rebers & Smith 1956 ). The method described by Duncombe (1963) was used for the quantification of fatty acids in ECPs.
Enzymatic activities of ECPs were evaluated by the use of the API ZYM system (BioMerieux). Proteolytic, lipolytic, phospholipolytic, elastolytic and amylolytic activities were evaluated on agarose plates [0.8% agarose in phosphate buffered saline (PBS), 0.1 m, pH 7.0] containing one of the following substrates: 1% (w/v) gelatin, 2% (w/v) skimmed milk, 1% (v/v) Tween-80, 1% (v/v) egg yolk, 1% (w/v) elastin, 0.4% (w/v) and starch. A 20-mL volume of each ECP sample was inoculated in 2±3-mm-diameter wells in the plates.
Results
Isolation and characterization of the causative micro-organism
Moribund specimens presented a normal aspect except for dark skin pigmentation and swelling in the abdominal cavity. In some cases, haemorrhagic exophthalmia, small ulcers on the skin and gill paleness were also observed. Internally, affected fish showed paleness of liver and kidney, and the typical white tubercles of 1±2 mm in diameter on the spleen. Gram-staining revealed the presence of Gram-negative bacilli showing a pronounced bipolar staining.
Only one type of colony was recovered in pure culture on MA and TSAS media from all the organs examined. The colony characteristics were similar to those described previously for P. damsela ssp. piscicida (Toranzo et al. 1991) . No bacterial growth was obtained on the selective medium TCBS.
Ten isolates (PP-1 to PP-10) from affected sole were cultured and biochemically examined, and these possessed identical characteristics. All the isolates shared the same profile in the API 20-E system. For comparative purposes, strain PP-5 was selected for all further studies.
The biochemical and physiological characteristics of the isolates listed in Table 1 allowed the identification of the PP-5 strain isolated from soles as P. damsela ssp. piscicida, since it possessed the same traits as the reference strains ATCC 17911, DI-21 and B52. In addition, all the strains tested shared the same profile in the API 20-E system (code number: 2005004). Identification was confirmed serologically by a strong positive agglutination with the specific antisera raised against the reference strains of P. damsela ssp. piscicida. All the strains tested showed cross-reactivity against all the antisera used. In contrast, no agglutination was recorded with other related fish-pathogenic strains of the genera Vibrio and Aeromonas (Romalde, Magarin Äos, Turnbull, Baya, Barja & Toranzo 1995) .
All the strains of P. damsela ssp. piscicida tested, including strain PP-5, showed the same drug resistance pattern (Table 1) , being sensitive to novobiocin, ampicillin, chloramphenicol, tetracycline, oxytetracycline, oxolinic acid, nitrofurantoin, trimethoprim-sulfamethoxazole and to the vibriostatic compound 0/129, and resistant to streptomycin, erythromycin and kanamycin.
Enzymatic activities of the bacterial ECP
The ECPs of the strains of P. damsela ssp. piscicida tested (ATCC 17911, DI-21 and PP-5) presented moderate levels of proteins (between 442.2 and 489 mg mL ± 1 ) and carbohydrates (about 197 mg mL ±1 for pentoses, and between 209.5 and 218 mg mL ±1 for hexoses), but the concentration of long-chain fatty acids (palmitate) (between 8.8 and 20.2 mm L ±1 ) was low. The amount of lipopolysaccharide (LPS) varied between 176.4 and 310.6 mg mL ±1 . In the tested ECPs, only one exoenzymatic activity pattern was found with the following enzymes: alkaline-and acid-phosphatase, esterase, esterase-lipase, leucine arylamidase, phosphohydrolase, and N-acetyl-b-glucosaminidase, similar to that previously described by Balebona et al. (1992) . Other exoenzymatic and haemolytic activities of the ECPs were also shown, lipase and lecithinase being the only hydrolytic activities detected.
Discussion
The comparison of the P. damsela ssp. piscicida strains revealed that, regardless of the geographic origin and source of isolation, these all exhibited the same morphological, biochemical and physiological characteristics (Table 1) , except for the Voges± Proskauer test. However, variable results have been reported previously regarding the methyl red and Voges±Proskauer tests (Kent 1982; Nakai et al. 1992) , and the utilization of sucrose, maltose and glycerol by P. damsela ssp. piscicida strains isolated from different geographic locations (Robohm 1983) . This variability could be a result of the different basal medium used (Koike, Kuwahara & Fujiwara 1975) . Although P. damsela ssp. piscicida is not included in the API 20-E code index at present, this system has been useful for its rapid identification because all the strains isolated from different sources have the same code index (no. 2 005 004) (Kent 1982; Toranzo et al. 1991; Balebona et al. 1992; Magarin Äos et al. 1992) .
The P. damsela ssp. piscicida strain PP-5 was highly sensitive to the chemotherapeutic agents generally used for the treatment of pasteurellosis, such as chloramphenicol, tetracyclines, b-lactams and nitrofurans. Similar to the results obtained by Bakopoulos et al. (1995) , who studied 18 strains of P. damsela ssp. piscicida isolated from Greece, France and Italy, strain PP-5 showed resistance to kanamycin, streptomycin and erythromycin. The studies on the correlation between plasmid carriage and drug resistance carried out by Magarin Äos et al. (1992) demonstrated that a clear correlation cannot be established for these antimicrobial resistances. However, the fact that the extensive use of chloramphenicol, tetracyclines and b-lactams in fish farms has resulted in the development of P. 
F F F F Gas from glucose ± ± ± ± Haemolysis of sheep erythrocytes ± ± ± ± Growth on TCBS ± ± ± ± Growth at:: I Zorrilla et al. Characterization of Photobacterium damsela damsela ssp. piscicida strains possessing transferable drug resistance plasmids must be taken into consideration (Aoki & Kitao 1985; Takashima, Aoki & Kitao 1987) .
The slide agglutination test using specific antisera demonstrated that all the P. damsela ssp. piscicida strains were highly homogeneous. Whole cells and somatic O antigens of PP-5 strain produced a strong slide agglutination with antisera raised against P. damsela ssp. piscicida strain DI-21 (isolated from gilt-head seabream), P. damsela ssp. piscicida strain ATCC 17911 (isolated from white perch) and P. damsela ssp. piscicida strain B-52 (isolated from sea bass). The serological homogeneity of this microorganism may be explained by the fact that all the strains of P. damsela ssp. piscicida tested by Nomura & Aoki (1985) had the same LPS profile, possessing O side chains which consist of high-molecular-mass bands in a ladderlike pattern. In addition, immunoblot assays performed by Magarin Äos et al. (1992) demonstrated the high level of antigenic similarity among the P. damsela ssp. piscicida strains because all the LPS showed a similar strong reaction with the specific antisera of the strains DI-21 and ATCC 17911. The serological homogeneity exhibited by the strains tested indicates that serological techniques can provide a valuable aid in epidemiological studies of pasteurellosis. Recently, Bakopoulos, Adams & Richards (1997) demonstrated the existence of antigenic differences in reaction between the Japanese and European strains of the bacterium using six monoclonal antibodies produced against whole cells of P. damsela ssp. piscicida,.
The pathogenic mechanism of P. damsela ssp. piscicida has not yet been completely elucidated. Several authors (Nakai et al. 1992; Noya et al. 1995) have demonstrated a major role for the ECPs in the pathogenicity of P. damsela ssp. piscicida. Hydrolytic activities of bacterial ECPs have been related to the degree of pathogenicity of several fishpathogenic micro-organisms (Inamura, Muroga & Nakai 1984; Ellis 1991; Milton, Norqvist & WolfWatz 1992) . Balebona, Morin Äigo & Borrego (1995) demonstrated the existence of a close relationship between the exoenzymatic activities of several strains of Vibrio and the presence of lytic effects in the muscular tissue at the injection site in gilt-head seabream. In addition, ECPs showing positive gelatinase and caseinase activities usually caused destruction of muscular tissue. However, the P. damsela ssp. piscicida strains tested in the present study lacked proteolytic activities in their ECPs, such as gelatinase, caseinase and elastase. Therefore, this bacterium must possess a different mechanism of tissue damage, probably of multifactorial origin. Hydrolytic activities are probably an important factor in the virulence for sole and gilt-head seabream, and associated with high temperatures and adverse culture conditions (Toranzo et al. 1991; Nakai et al. 1992; Balebona et al. 1995) .
A degree of variability in the chemical content of ECPs (i.e. proteins, carbohydrates, LPS and fatty acids) from the different strains of P. damsela ssp. piscicida tested has been found. This variability occurs even within strains of the same species, which suggests an intraspecific heterogeneity in the Pasteurella species similar to that reported for other fish pathogens, such as Aeromonas and Vibrio (Kawahara, Oshima & Nomura 1990; Nieto & Ellis 1991; Amaro, Biosca, Esteve, Fouz & Toranzo 1992; Balebona et al. 1995) .
